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PROBLEM TO BE SOLVED: To provide a multilayer printed circuit board, capable of preventing occurrences of cracks or 
the like in the board or an interlayer resin insulating layer, when an optical waveguide to be incorporated in the multilayer 
printed circuit board, or particularly, when an optical path conversion mirror is formed by using mechanical processing or 
the like and having superior connection reliability of light signals. 

SOLUTION: The multilayer printed circuit board comprises a conductor circuit and an interlayer resin insulating layer 
laminated and formed on both surfaces of a substrate, and the optical waveguide formed on the substrate and the circuit 
board further comprises an elastic material layer formed between the substrate and the optical waveguide. 
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oaiio-WBB«*«ac«ccw'j-Riina"c* o . 0 8 k 
m-r&jgzfv > hb««i ooou, ^jfiss 1 1 5 o 30 

«WBtt 1 5 1 a. 1151b©f 

tK) 01 y > M3®« 1 0 0 

©*T\ ^-©ffi©^fiS;«. ^'p.hWISlOOi-- 

[0054118 tC9jk? «fc 5 fC. 7^j^SS©±M* s iS® 
<fc 0 < ft* <fc -5 ftfl*tt©:*3SS& 5 y -*WT 5 
#s?iK8e £ Jt^-f S c © J: 5 ft:)fcSS^£ 5 5- 

«tr5c«t#wu>. fie-^r. co^^fM;? 

±) «:«»)ttw3c<!:«:<fc»jfT5. <D*&mv>&m 
7*y>ne««i©Si§K::fei>-c. c©<t^K:7^iAtt 

£ C 4 4 & S/ci*. SB 9 #W»«C*SKS»«:*»*> 4j2tfJ 
■&C4#T£S. 

[ o o 5 5 ] * fc. mn±icy j 
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&&4#Sto^ftfc2JI*>6ft.5:7 ^ ;ua=&^jeS^(c 

=&JBfiSL-C4>«U>. c©tg-&4>^igSStC*^-5Ic:*?: 
Wnticimi. ftfc. #*i£S8©fl5J&ifitt. 
stg±cc^^[iss^Bjs-r -sfrjctf o r i «t t>. 

[005 6] *fc. ±fE7fe^SS«:5yS^}S 5 5 

jisraai^. i&fcs§^fft5 7-©)&&(;j:. ss± (5¥tt 

ftss^fc 57- £Jf2J?£-f 5 4 u r cmcc § *a 

■J*. Sttfi W^ft^ii- 1 5 c t ^tt 5. 

(c«. jfeJS*5V09O' <D^A Kv— ^TJ^JcJ: 

JB5 7-*^-T5«-^. SSCC*>*>4l£^*igWr4 

[005 7] ( 4 ) ^«C, ^&SSte ±0«gfflHl8§£JfJ 
«ifl§©-SB^r f y ;MtS tofcttMg^. c to htm^im 

&®m 4 $ts wam&m* e as 5fcmt©»tjiijf 4^ 
a. ±se*®{t©Hiflt®{i, *nt©«ji^o-A3- 

(¥Wb) ©ttiflgy ^;^A?:^aBE^L/c')•r4C4{cJ: 
DMt5Ci*T#5. Sfc, JJfi&oJMffiif )!§*>> 6 

§T5C 4CC«fc*) JgfiSTS C 4 4. 

[00583 cto6©&*>-c«. *is-fb (.mmt) <om 

©H^«. 5*-^4ffit^-Ctf5C4 

;uA©a^^#^or®^ia^-rtoBJ:o^. 

«. EE^O. 2 5-1. OMPa. fig40-70'C, 
13-1300Pa. B$ffl 10-12 0#SS© 

[00593 ±&s*mt\±®mt i/t«, 

*\»Httlt. W, * y ^- u ^ >is« 

jr. ^<y 7*-u>x-^;^ai. 

IB. 7»3R«BB»36a|6«f?»to*. ±3Exi|«*i/»aso* 

swf^to*. 1 

[006 0] ±ia@7fettSifll4 UT5i. fflAtf. 7? y 

frmjmifimfhtxz. ±rt. ±smmt&mn<i)-9 

f y AKksiBs -tf fc *> oztwm-f e. to 4. 

[006 1] ±fe^DjMt4)l}fli4 brii. 7 * 



(8) 
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S^isftlffi. #V i-^JUXiU7*> (PES) . tf'J 
X;U7#> (PSF) . <!U7*iU^*5*> (P 
PS) ^y^s-U^tM/^T-f F (PPES) . 'J 

^-U^i-f/u (PPE) 5 F (P 

I ) 

[0 0 6 2 ] *fc. ±ESHI«#f*± OXIit, MOfttt 
fcffifli 4> St?) i &T5J»ttttM8 4 *> ® * *> n[t m 

* >. * 'J -f S F«MI/# ') * 
+ »#tt*Jlli 
B. Tfyjl/ffiBi/^s^+^Iis iJP+f*©— » 

[ o o 6 3 ] *fc. ±E«««*»«:*»»*««<fctt* 

ttfflSi* fcBBBtttHUB/lNl^ffllWS =95/5-5 20 
0/5 0#S*U>. W&ttfcStft^Cift^ flS0>£Q 

[0064] iiSBttiSB. 2 JI«±©RttStH 

5 0/5 0<DttlS«*f**»6JBfiSSn. JJI**Wttt 

Mffi*tei4«afefflMJ»/«wi«ttttiJni= so/iocs 

6*J*S*i"Cl»*»-C**. CO J: Ottilia 

jssib^a. «*b:. k. TA*y*J:cnK<ww>6at* 
n&4>& < i t> l «*> 6ft SftfciflBcstL rfSiStt©* 
«fb©iW}ftt4l»flBV h ? ^x^k:. Bb r^*y*JJ: 
Cflftf OH* 6 ilBn -54>ft < i t> 1 **> 6 tt *affc««: 
#Lr?Hgtt©*!K##»3ftfc*>©"C*5. ft*J> -t 
15 Titi^ttj fcitf raj&tfcj iWHB. H— OfflYb 

[0066] ±i&tmmm^ v y » l^-cb. ■ 
<. Witt*. Mfffbttwn. tmw&MVi* ctmom 

■&#mim<.it>m. tic «*ttWB*fflc»*cAK 
[0 06 7 ] ±EJ»W<btt«lit U-CB. «*.«. 50 
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cfbttttnta^fk-r > * * y * y 
5. 

[0 0 6 8 ] _b8Ei#*f*«Si LTtt. W*tf . f U 
v-;l</ * *32xtf*f8JJIt. * /-MS 

M7x/-^FIi^* 7* 

h y yyi'jxji'-f visT* U-F> fli^x^+^Bi 
2?#W3ns. cn6B. #a-cjB<r»-c '«>«*:<. 2« 

[0 06 9] ±ia&T5JM4«iJiii: L-CB. «Atf . 7 * 
y + ->^Bi. iH';i-?*^7#>. ^')^7* 
> ^U7 S r.l/>^;b7*>. #y ?xil/>*Jl'7 
r-TK. iP'J7xi;H- f-fo. #'Jl-fA-(;Ff 

[0 07 0] ±I£1S. T>\>U y *j J:UtffiMbS0*>6iaBn 
Sii>ft< it l«*>6«c5WbiBEKStL-C'5I«tt© i »« 
ib-CB. «*.«. «6«ll-f-. tSM^. 3 ' 

[0 07 1 ] iiaWMfll'F-t ffl^fcf. T*3 

*;Ui"^A, *®-(b*^'> , 7A^©*Jl'^ , 7A{b^J. 
MK*y^A^JO*y7A^b^!, 7Wi-7. Fd-7 

Afb-^I. ">y*. bZ?(Dir<<3Hl£®> 
~TtyD* 9 b*i&i>G>* s &< , 'f 6*1.4. £ 

[0 0 7 2] ±KWJiitt-?-iL-C«. IllWbtt 

A*u*»j:cfflMBB*6atf*»*d>ft< ia*»6ft 

SfflYbjgtcgS^fctS^c. ±lSW»14fi}BI-7 F y v >? 
If. 7 x y + ^tttli. «H y 5 F«K. sP'J7iil/ 
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txhit. #tt-T«^-C*>J:<, 2StLh#/BLT«>J: 

c o o 7 3 ] ±tz&m%&-t lxm. mm. ia, 

[0 074] ±f£«5Jigtt©!83jr£. 2SfeU:iIt=fL-Cfl3 

Mi^s t mvmu t ©is -cihjsi*s^ o ft t> e> -c 
if. y>is. t&K. mm. wm*>. mm. mmmoygfe 

tc, ±MST)V*r ') t LTtt, fcmit-f- V >5 A. *Mft 
*!^A5¥*iW6ns. JilBM-fbJPIiLrti. m 
If. i>aM.m. i>nj*mm. T)Uj<jmM-7>*jl'mi£. 

[0 07 6 ] ±te^I^tt©^M©^lSj«Hi«. I 0 u m 
'&©*B*tW«:;*;t &iSI4^i^«iS*5«Me5(c/jN3 & 

0 . I - 0 . 8 u m© njj&tt©^!? i 
0. 8-2. 0 «m©?Ifgfi©«ia<i:*ifi*^b-&S^ 

[0 07 7 ] t ©«fc -5 ^EH^tBttfcJK:*** &*§ 

3C£fcJ:9. &SJ!Sto^M©;®^i2*£< b. to 
-3#uy* hT©^5y^Ag*iSS ; &ii>^< U se> 

^i^cffl-ftE^fiXf SCiiciO. fHfc®©Bfl£i 
[0 07 8 ] ( 5 ) 3«c. -C-©W4i Or^ggitffi^flt 
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LTSBfettfM8*fl3l.»fc«te«:tt. 3S:£3a&#M«: J: 9 
[ 0 0 7 9 ] Sfc. ^©*t.t4<!: Lr«ftBBB!t«JJ|g*fflt> 

•tfS5ffi*j5S-rc<bK:j:0^-r-SC<bA5-C*2,. 

c jm?l«bist sate. ^sa?L«. Fy*- 
[0080] ±i2i — m&wcmmir&iS-irt l-c 

[008 1 ] x*S^-?l/-lfoft*>rl». 
TS^If&O. C©^K;=&fflU.SC,i:{C«fcO. — K© 

u— tf.ra^-c^©gan*^S«j«:^t--5 ci*t$ 

[008 2] ^fc. ^et^'^U-lf^fflt^tte. •€•© 
^•;u^^pg«. 10" 4 ~i o - * fp-c&zct&mt 

mt. 1 0~5 00 M#-C*SC<t*SM*OC^ &tc. 

K.J:'). BUMtr. *>-3. 5gStlSK*3|^-©U— tf3t 
^a^WKfJitSCiisttS^^tSi^. C© 

[008 3] ( 6 ) ;X«C. M-f T*-AfflWP©rt»* 

[0 08 4] ±tm»m»mottwt ortt. 

* o # &C «fc 9 alJS^0:@ 5r^f SJi^-tC 5i, 0. 3- 
2. 0tfm*iSiK, 0. 6-1. 2 Mm^J:')MI 
0t>. X^'-y * 'J>y{C«fc0?&fi£-r-2>«te«:«, 

0. 1~1. OMmJJsgSH,^. &*>\ «tmg?toot(c 
50 «fcU»ISS«B?:JgfiS-rS*i^tC«. ^to. @SStflg*g 
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[0 0 8 5 ] ±tmm&&mz&f&?zmK, m 
ra^m^Momm *aif tm l r *? c » r t <t c » . 

[0 0 8 6 ] ±fs ( 5 ) oiirliJl^MO 
Etc. jtaaoSffiCcfePIJIiWftH^JffiTSCitcJ: 

[0 0 8 7 ] ( 7 ) ^C»"C. *©*iHfci*«*ftti** 
f£3nfcS«<D±SC£>o£ Ut^X h*JI5fi£f ±i£&> 

[0 0 8 8 ] (8) *0ft, »R»#14»-3*y-F 

* h *hI2ea&o#us?;* hT©&«»*^ 

CO^^cC (6) - (8) COXg^S^CiCCct 

[0 0 8 9 ] ±ss ( 6 ) - ( 8 ) oismz. * ^ 

». ±12 (6) tn«<D*tt-CJBJ«l/te*il*»lt±© 

[0 0 9 0] C(DJ;^j:rf-/f^fflt U-^h^* 
[0 0 9 1 ] * /c, ±ia ( 5 ) *sJ:CX ( 6 ) ©XfKCfe 
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SCifcJ:*) «l^l3feStt^ o M 

[0 0 9 2] (9) »*o*JB*«JSRLfc*ld-«: 
l\ £6*C. sMKCJCOT, (4) - (8) <DXS**8 

[0 0 9 3] (10) 3CCC % iHKCItC-C. »*OV 

[0 09 4] *fc, iBK^v^y-uy^HESMIl 
so »j ji/^x^f-ji/^e^v-, ^-15 00-5 0 

n, -e<Dtta«2 5 B cti-ioPa-s cci^g$n-c 
*»ssr * c & Kct: o . ±b*3»»b*»»^*^ e> 

30 [0 0 9 5] ( 1 1) ±EVA*-l/^H 
5CtmS. ^cfe. c©J:9ttHPB, ttmovji 

©HPOR!Pa«. 500-1 OOOMm^U*. 
[0 0 9 6 ] (12)X«:.±EIC^^W««* 

a, a. ffl, a*w©BMtt^i«ci9««u a®* 



(11) 

J:9ffJ>iW£C£#-C£-S#, C*i6 ©&*>"?«:. t£S 
C.£#S£Ol\, 

[0 097] (13) *«C. g1£©tf-®(C. V* U 
[0 098] ±i2*S8fflgfiP©IP!P&W. 100-50 

oumi»m$.n.\ *©^tK«<mc[gj£;s*vr. 

if htiZ. fete. 5fe8SffllHP©»fiS«, J=jftt/te£9 

gtcJi-a-CM:. ilPa«ffl§^ai*^fiS^(c. -S^feSSffl 

fit @raffifll«i^5ci9:W/c^3Sffl^PW:aiiL//creP 
£)fr£U #RJSMP£L"CfcJ:C». J||lMf]mK*M-f> 

JM-C^fcSSfflgiJP ^JjST £ C £ #8 L 0 » C £ 6 

u-^ hgcc^r *SP«S^^S«: <fc «3 JF; 30 

[0099] (14) &«:.. ^(tiSD.r. ±te^®^ 
wn->i v Kjcta^-r sa«3-ccegpgB* s ^$nfc-v^ * 

K. Sn/Ag = 96. 5/3. 5 ) £3ft«l,;fc&. ■) 

C£(C«fc9. PGA (Pin Grid Array) ^BG A (Ball 40 
Grid Array) iL-T4<tl>. ±f2f> i L/-C«#(CfS 

iLttt. mti. 3'<-Jk 4 270-/?iifl«n 

-s. 

ffe©^®n^a^g(5a D D*^i8o, -e©&. y?a-t 
sctfcfcO^Ba^w^tf^-cfcJ;^. ate. c©*§ 
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[0101] %te. COI1T. *ffl^oy. PGA. 
B G A ft < X t> <fc I C ? v 7*S|gfflg«© 

U > r ESMfitc [ C ^ » *3IS^»«*»*Ii3«HES»?- 
Sio a o*fl§S-fSc£#-c#s„ COi^^IS^C 
£CC«fc 0 . SH-©*^©^®?' -J > rEJME&KSr 
•5C£#-C#£. 

[0102] ^CtC. ©2t^W©^H^'J > H3K« 

Ji©epiissiite^yi £ ±ia^«8S£ ©pa icimttmw 

[0103] j&- ©*^©^Ji^y > hE«MEr«. 
^s©JSrB^M^®±«c?»tt*t)i *^-b-c**»» 

^SJCS^^IQ-r-SCi^r^. £©jfo*Jfc:ji3HL.fc£' 
7 ^^^*5SS{C^T2.©«rllS<-CiAir#6. S£-> 

•r . jipdj»ifliite^Bfc^ Ltc i>5v i>mc£ 0 ^/s y 

U > MBS«©m«14©ffiT^< C £ ttx. 
teC^7^;UA«©^^8S«:S»3#W-Sti^(c{i. ± 
£7&ir # . ^iSK(C«^ >7? C £ * 

[0104] * fc. ±fe^B7- 'J > hBWRtca. ^ft 

ft £ (Dffixz&mr -5. c <t *i -r * . 

[0105] SIO^^O^IT 1 ') > s 

y>hi5li«r&o-c. ±fflSffl«flitt»JB£±ffi3l&ji 
•&8S£©P^iC5»tt^B*^SS;3^-ri.^. ±ia5*tt*tB 
£ b r «. ^— ©*|ESaj©^ja 7" > hiSJHS©»tttt 
B£|B]^. ^-©?#1£^a<2. 5xiO s MPatiT-C* 
SOWgJK. 1. 0-1. OxlO'MPaf 
*4 4>O*iJ:0a*Ulr». ±EWtt**>2. 5x10 s 
MPa?:ax.5i. ^«S85^^«CJBPBl»fllife»» «C 

v^-u-t;* hJS£©S»JKSSC^©^«:ilHor3!feSI 
a?B«c^7-y^*s^TSC£*s*S*>?>-CA-5. $6 



(12) 

21 

^cca«r*ci*«r*r, #«»»«:»**^»* 

[0106] J|-©*»98©*JB^y > H5J8«ii* * 

^iwm^iifo^iy y > hE»***sw & 

[0 1 0 8 ] H25C^TJ:^^, 3«1 :/ y > h E*R 2 20 

o o r«, s«2 2 i <DwaffK:aKHiK2 2 4 <hHfig*u 

fl&teJH2 2 2 itfSMB&fltSn* S«2 2 1 £&A,/c 

*@BiHtt. -etveft, xj\,-*-fr22 gteJce^w 

T*-;V2 2 7€CJ:9«eiW«:«*3ti-C*J0v *?W1 
tc«, Vil^-US?* h»2 3 4^fffi$titUI>, 
[0109] *fe % ft^SOHHfflJii*B^H2 2 2 a± 
«Ctt. Wte*«2 5 2 *^ly-CjB»Sft»2 5 0 (2 5 0 
a. 2 5 0 b) *gg/£S*vC*j9, *a*SS& 2 5 0 <D5fc 
«©*BSCft 2 7-2 5 1 (2 5 1 a, 2 5 1 b ) #Jfc 30 
ttSftfcSIWCtt, #«BBP2 3 8 (2 3 8 a, 2 3 
8b)#, S^2 2 1 (Cgfi;:frftfic^JS3ftTl*5. a 
tc, c©*RfflHD2 3 8», SB*«CJ:0»REStirc* 
&*5, 3fe^^SS2 5 0 a, 2 50bte, — § 

[0 110] CflDJc^ttWJiR/p^tt^^Jl^yv hE« 

«2oom *7?^ (K»f) ^^r^or^-gn 

3^6ae>tl-r*te«<t-»*«. *^^3S2 5 0 aK2»A3 
ft. jCBSEtt^ *-2 5 1 ai>J:a f 7tSSfflPn2 3 8 a 

*^ur**3R^ (B«*f) »(ca6ft*c4ta 40 

^88fflran2 3 8 bJtP63fca»5 5-2 5 1 b 
^Lr*aKa»2 5 0 b«C*A3h, MOlCf^X 
CciS6 h«R«-*«cfflft 3 ft £ *\ 

[0111] ^07*237^1/^ I C7- 

«ctt, ^IB^ , y>HEaS2 0 0 451-aBI«4*«aiW 
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o ch ^-gpsffi i <om r Tfefi^- £ mmfi-^ t * ££T * c 

*fc. BGA*«:iBRt5*. 5*^*3 

[o 1 1 2] *fc. nt— <D*&*8og>my *) > nas« 
[0113] cojr^ttW^^aRaw*^*^^ 

[0114] ;XK1. »n©^98 ^I7"'J > hiSfiS 

estate -eofl!i<Dxm«, »-hd*«w<o 
^ji y y > h ^WRoi8S*jS i i^acc u r tf 9 c £ # 

[oiis] ( i ) *r. «»tt»««:ia»«»£ i^. 
m—<D*&*8<D&my' y > HE««<o«is*ffi® ( 3 ) 

|58l«<D»ii^SO ( 1 ) - ( 9 ) (DX^iPItiKlLT 

[0116] ( 2 ) ac5c, «^»oHBi«fjii*eayB±o 
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(0 1 1 7 ] &<.>r. ±JE5Mttf»±«:**a8S«»fiS 

co 1 1 8 ] n&agccH:. mu, s-r. wi£tt»± 

ttHUBWIHUmeiHtiftRU e*i4fln*«fl:T4. 
37I<otl!ci/yxh4iitb, 7* Mjvy 

*£tr) M-/<-#7 5 F^ifcS:Jfc8E£S»8«Si» - 

mumtBamb. ctizummit* sci^tct^ 

JS V > h B»«<08ia*jS r ffl V > 4 CD <fc RHt® 4> <D 

co 1 1 9 ] ccr. ftsmsmm%ffijs.®<zmmt> 
^n?ti-Mx'n-,x i>£\,> l . fflREUc^wrffor 

fc«fcl». fete. <b'^64«t»?-r4^U. ^7?F»bJ: 

coi2o] *jifc. ^miKDmmamsim^^mrh 

WPttZ? -f (7< -H-A«0W63figaS) £ft!f9 W 30 

m»r7^ji/Atto*aisfta*fWLr*»#. cms 

y a *Afto£3$fg*S«± (»15fcttS±) (C5g«3ff 
WStJCC. ^«)7feSS^5 ^-S:^L.rteC>r *>«fc 

tmow?t*i«j:i,». am. ±K*Hsaa3^-©» 40 

xgu. jiiwiijRM6iM±tcmais«xMrr«it(cfT 
co 1 2 1 ] *fc, s«_h(c ^«?3?i&wiii^iess 

rteOWW4*ffi*fflC»r. WttttJB 

c 0 1 2 2 ] &tc. ±££a»Ktc3&gxgu 

JSW5»£. RftHSEftS 7-CD7&SU. Sffi_h (Wtt so 
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*flB±> {CTfe^Sg^^L/fc^tforfeJ:^. ±E 
KU. 5tei£#Vj£9 0* ©y-f+O Fv- J WM)KcJ: 

^**«»*fe-r * © £RS <- c i m r # ^ . 

[0123] ( 3 ) J0— ©*»Pi©3*»:7 'J > f- 

gem«co^it^feD ( 1 0 ) ~ ( 1 2 ) ©I«£H*K 

or. wattn«r^Lr««tts^fiS3*iydiiigttti8 

^P£WT*v;i^-l^x F/I£ff2f&U <*6«:. ii 
IISfflA-, K4«jssr*. ±£5lbu>4-S©y 
h^«cco^Ji5^Lrfisic>L/. i?f®©v;u 
if- h@fcfl$j?XL/r 4> «fc«.^. 
[0 12 4] (4) JXtC. #W<DV)\>#-l>pZ hJIK 

#ss/BPiiP£^fi£-r-£>. ±te5tssfflgaoo^fisu. 01* 

ijciregffl-r-su— ytp«©t<D^Ai^cf6ns„ c 
©»^r. ±i£u--ifiLru, ±ia^^8S*i©iR^» 

au . ytwtm h <Djm^itwm&^<F>m^zBg: 
T2>ci*sr#^fiigr*nu!it«:i?BS3n-r. m#® 

[0125] ±a^mma<D^nm£. 100-50 
[0126] &tc. &-<D*mi<D&my > naHfi 

r. ±ib ( 3 ) cDXsrsi^««!ia(c«fc 9, ic? ? 
rafes. 

[0127] ( 5 ) #{C, ^-©*^8J©^Jf7'';> h 
B»«©«ifi#ffi<D (14) OXIiiplfiliCLr. ^B3 
PGA. BGA^Mti. 

[0128] s!fc, ^-©*^co^®yj > vrnsm 



(14) 

25 

[0 129]tt*i. COIgt, *ffl^>^, PGA, 
BGA-f 3 , a:ffilB6S«-?«o B n«C»JS!SS5h/c^>^i, 

ZCttfiV%Z>. CCOJ: ^aiSSrSSC 

[0130] &4b\ *W3ffl»«c*5^»"C«, rfcSRfiKJ&GR 

tcs^T £ c i *R±r * c t wx* z&m y > f e 

«it«l«c4fii«- JBIBfBiaftMWH±©IB««<: 
[0131] 

(Xttffl 1 ) 30 

a. mmmmmmmmm? < &±<Dfm 

9, ^tv'x^x^^^aiSxfn- h 1001) 30 
^12 1 5, *B*-f>*Mb*Ultttll 

n-6 7 3) 4osfigp, hur^^aa^w^^y- 
a*-r>^b*jjitt« 7x/7>f hKA-705 

2) 3 0SaSB?:X^;b^^y rj-il/T-fef- F 2 OS 

v;^> h^-^lf 2 OSSSBCcSIf 0*^6JD» 40 

(^//■fe{tfi£XIRt»l ftl/y^R-45EPT) 
1 5113^ 2 -7 x.~)l>-4. 5 - (fc KU^v 

J35»*/*c 3 8ura(DPET7 -/ ;UA±CC|£«a©J»3 
#5 0 mnife5J:^{CP-^3-^^ffl^ti?6L 
tdk. 8 o-i 2 o°cri ofrfflft&Z&Zcticj: 
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[01321B, aa?L^»ffltt«tM^!©^ 

Si. 55mFS : 3 1 0, YL9 8 3 U) 10 011^ $t 

W$ 1 - 6 u mV. tt&ttSMtifi 1 5 ix mfelT© S 
iO: SMftKtf- (TFf-^liS!. CRS 110 1- 

ce) i 7 oa*38*5<fctfL"*'J>fWJ (?>sy'^l± 

SI ^U/--«/S4) 1. 5Il^^Ci^ 
i&&"r4C<tCcJ;D. ^(Dttgtf 2 3 ± 1 C C"C4 5-4 
9Pa - s©«J!l5fiS**t*3n!Ute. fcfc, WBBiU 

r. ^ py-Jimim mmitmm. 2E4mz- 

CN) 6. BSHSP^jm^c 
[ 0 1 3 3 ] C. $>m?V > FIBft«<7)»Jfi 
(DJV3 0. 8mmM7Xx^vffi8^fcWBT 
( ^7 u -f 5 F MJ T> ? » WIBfr 6>fc'**BIWS»« 
2 KDWBtcl 8 nm<Dmi&2 BWy 5*- h$;lvCl> 
**aa»««:ffi*tt»iOfc (S3 (a) #82) . * 
■*\ C0£SSiS% F»J;UBWLU &J®gi?>oS&S 

2 10Mffi«C««HlH2 4i^;l/-sf^wl/2 9<h*?BBS 

[0 134] (2) X;U-*-;b2 9*sJ:a f «*iaiB2 

;b-*-jU2 9 *$tf«itaB2 4©*ffi(CffijtfB (B 

{b# U tfA5SSSBa»6fc&x:r (> y 

[0135] ( 3 ) #*c % »R±<D»rS©i4* 

F^-SCi^CcfcO, SPtt^lOMPa, »S2 5Mm<D 

[0136] ( 4 ) ±12 ( 3 ) (DIStMU/c 

5¥ttWil5 2±CC, PMMA*64S^^^ttOfl« 
(v^^P^-7lii{:i2 5Mm, 2 
5 Mm) 50^ jfea»aS8(D— «OWMi*«2 1 ©ffJ 

Wtt, ^^^«»D»«W©B«c*S»fbttl»JIB*> 
e> «c * JHBH«BB ltfc«, BE#», 6 o *cri B^rel 
H-fbSi*aci&c«fcotfr>fc. *^sw-c«, 6 

O'C/lWpBBO&ft'CBMbitfofc^ ^-Wlcfcor^ 

[013713 e>CC, *2lM5 0<D^CC, jtM^V 
?B9 0 B 0)^f^>Hv-^t45' 7^38^5 
5-5 1 tJ&SfiUfc (03 (b) #M) . 

[0138] ( 5 ) ±EBCCEttLfc«J!i3ft«tt 
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?KfSPi4cm^««3 0' <Dm*Bl$.Ltc (03 

(c) #fl8). IPS. £-f. ^^-^^ffl^-CXJl-i}; 
-JK*Jtc«J|g^«tttifLi^«a. 10 0-C, 2 0# 

^^^CTtCi«jn0Ei|tW43Hlll/. 100'C, 2 10 

IHM«CL-C»IS3«II»3 0' ©«*JBfiSLfc. 
[0139] ( 6 ) ±S3 ( 5 ) <DX!m*:!&Z.tcg&<Dft 

# 6 OOO^A F-ffJgifS (=#«<fc*tt«> 
Hfe^A- h y-weccfc 0 . igftlelSS 2 4 ©il^» 
fi>2 9©5> K^®«cft*jJi3fc»tf 3 0' 

tcit><DJ<iymmZiTr>tc. c©<£5 20 

fc. 3Cl»"C, 10 0'CtlSffl i2o*c-c3^ra. 1 
5 0 •CTl KHB. 18 0 'C-C 7 ^©M&^SISrfTo r 

[0140] COi^iCir, ^JU-*-JU2 9-?>ag{* 
SH?Bfr5XSWc7&jfc § 4afc«fflg?t*W 3 0 ©gUISMa «fc 

fc. ^;l,-7jt-;U2 9 ©ftMffi 3 0 

ftffi%/M.r?aa«:fBSttelft»ttS«%»fc (03 30 

(d) #JR) . C<DXS«Cj:f). 8fJJS;£»tt/f 3 0©S 

wt goings 2 4 ©aMi mm—wm & & & . 

[0141] < 7 ) _kfagffi=&*ifc. W&M$Ltc&. 

ffiCC^^U-Z-c^t-WWr, 2§#@8§2 4©g®<hX;U 
-*-;l/2 9©5> K^ffii^x^^>i/T^Ci«Cj; 
<3. SWISS 2 4©^M(CffiibM?r^fiS;L/r>. 
>f«4lT, 4%#V-Jm ( I I ) lt*l OSS 

as. ^'j3-;u^7saa5. 5 

[0142] ( 8 ) ,XK.. ±fe A -CfHSL fcS^J: 5 4> 
HI/. EfcO. 4MPa. &&8 O'C. EE»^H10# 

irfl»ii2 2 4Ml/fc (S3 (e) MR) . IP 

65Pa. EEfrO. 4 MP a. Sff8 O'C. B$fi3 6 0# 
<W6frC*EE*U -£©*£. 1 7 0X-C3 O^flBWlRfb 50 
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Si**:. 

[0143] ( 9 ) <X5C. JlRSHSfJItiJfeffag 2 2_h<C. J? 
SI. 2 mnKORji+LA^fiKSn/tv^^^/j-tr. i£ 
SI 0. 4ym©CO t #*U--tf{CT. e-A@4. 
Omm. h-^'^-v Ft-H, s-Ol^MS. 0u#, -7 
X ^<DSMK<Dm 1 . Omm. lVa^h O^tiH 
«}fli.ffe»e 2 2 JC. ifia8 0 ym ©;■<-< T*-;UfflBHD 
2BZ&mLtc (04 (a) #JS) . 

[0 144] ( 1 0) 'Wr*-*JSR02 6*^L 
7cg«£. 60?/l <Ojfl-r>^>K%#tf 8 0 'C©?g 
jRtC 1 0^-raSSU. JWR!ttUg«*JI2 2©HS«:??£ 

T*-Jt/«raP2 6©rtfgffi£^tf-€-©*M«Cfl{fcM 

(ustfT) ZB&LLtt. awe. ±.izmm£fe%.tcm& 
z . 'pmmm k^wi %±m «c«it it* » l 

©aaacc. ^7v^A«^^#-rsciccj:o. Jiia 
wjsi&imi 2 2 (/<./r* -;i/fflgaa 2 e ortM 

iiessfciSft^s^A (Pdc 1 2 ) t^tm— ^. 

X (SnC 1 2 ) 4*«tf««SR«t»K:a8Rl/. 

[0145] (11) :X{c. WTWffiiSO^^aitoo 
S«^?S»L. @ratHBi^aJ12 2 ©a 
S (;WT*-;WfflKIP2 -8©rtBIB**tf) CCJ1S 
0. 6-3. 0Mm©*^(*il (^^83*0^) 
3 (04 (b) #Jt?0 . 

NiSO, 0.00 3 mo 1/1 

0.200 mol/l 

0.03 0 mol/l 

HCHO 0. 05 0 mol/l 

NaOH 0. 100 mol/l 
a. a' -trfVJx;H0 0 me/1 

#'Ji?U>i"j3-JKPEG) 0. 10 g/1 

3 o*c©?gasr4 o^ 

[0146] ( 1 2 ) iXJC. ^^3 2 

-7^i' ; SriSSL.r. lOOmJ/cm' "CS^t. 

o. s^K^f-y^ATfc^-c^^a-rscicct 

0. US 2 0 tfm©*o?L-y^ 1-2 3?:S:W/c (0 4 
(c) #JR() . 

[0147] (13) oCi-C. 5 0 •C©*r?5tj^ 

L-CKIgL. 2 5 *C<0*-C*«sa. Se>(CSSM-C!5t^L 

ZBtftLtc (04 (d) #M) . 

mm 2 . 2 4 m o 1 / 1 
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0.2 6 mo 1/ 1 

mam 19« 5 m 1 / 1 

(T Vrv 9 is ^7->FGL) 

warns. 1 A/dm 2 

h$H 6 5 # 

as 2 2±2 'C 

[0148] ( 1 4) Se«C, 8&-3#U^ H2 3*5 

%NaOH-CiiJStI**Ofcm, *©ftotU^h2 3 

"£2 5 (^V7^2 7^tf) (05 

(a) mm) o 

[0149] (15) ±12 ( 7 ) - ( 1 4 ) <DX 

@Bcb*a»?B«Ufc (B5 (h)-HB (b)# 
W . S£«C. ±12 (7) OXarfflC^fc^rifeiR*© 

[0 150] ( 1 6) ^?U>^'J3-^ 
^;Vi-f;l/ (DMDG) CC6 0Sg%£>?£Sfc:&££ 

ffi*ttft4©t»J3-v- (^1:4000) 46. 6 

ffigixt^HOOl) 15. ossas. 

v-*mim mmitmtm. : 2 e 4 m z - c bo 
n) l. 6tta ^^^v-ra^w^r^; 

;^/7- (H*ffcJB±«, Bi"fi«: R6 0 4) 3. 0 

: D P E 6 A) 1. 5SSSB, 4MB0RiSi&SU 
W^ttR. S-6 5) 0. 7 lM35**SStt:«!: 

^±S) 2. omsas, *WJiLto^7^ h 

0. ffiS*2 5 0 C"C2. 0 Pa • steSKl'fcVJl/^-- 40 

(JOSON-SttM. DVL-B© t8 Om i n" 1 (r 
pm) ©J^tiP-^-N q. 4, 6m i n" 1 (r p 
m) ©i§-£te:n-2-N o. 3KJ:o/c. i/c, ±fBV 

[0151] (17) ^HEHS^Wbik:, ±12 
y;U#-U>^ h«j£4»*^ffiU 7 0'CT2 0#IBL 

7 o °cr 3 o #r H TO^ft r ffc&®ffl£tf i \ y ;u u 
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[0 15 2] (18)*^t. ICf^»M«IS* 
IIKTSfcafcOISP^ *<0f6, ffiSO»tRO*ffl^ 

JCSS5^"C1 000mJ/cm 2 ©^arcaBfcU 
DMTGgSt«ib, ^P{^6 0 0 MmOI3P* 

fcf&Uc a $6ic, 8 ioo°cri8# 
Pel i 2 o "cr- i mm. 1 5 o ~cr 3 vmco&fmzti 

3 9 HT5V;^-U^^ KJI3 4*^^SL//c a 
[0 15 3] (19)*C, yA^-US^* hjf 3 4* 
JBfiSL/c»«*, mit~v**(2. 3X10' 1 mo 
I / I ) . 3ffl»J F';^A(2. 8X10" 1 m 

ol/l), *x>g^ F'J^A (1. 6X10" 1 m 
ol/l) ^t?pH = 4. SOaRWB-**'!'*-?* 
«tC2 0»P#««Ur. MP3 Mm©-** 

(7. 6x10* 3 mo 1/1) , MT>^ 
-=--?A ( 1 . 9X10*' mol/1), ^x>M^" h 
.j^A ( 1 . 2 x l 0" 1 mo 1/1 ) , 
b y ( 1 . 7X10' 1 mol/1) 

4«>^*iSic8 0 , ccf)^r7. s^HSSOr, 
^a&-5*»±tc. «S0. 0 3Min(D4ftoti*» 
JSJEL. *lBia8ffl^^ F3 6cbbte. (H7(a># 

[0154] (2 0)3C«C, y^^-u^Ht^JS 

cJ*JSPa«fliffii»»2 2 *;»MT£i£S4 0 0 MnKDHQ 
ZBf&L. 3 6 St* HP©l£ffiCC^-£T«ai^SS"rc 
itC<fcO*l»ffiraP3 8iU (07 (b) #JK) . 
[0 15 5] ( 2 1 ) 'XlCs VJ],#-l>*sA hJI3 4 K 
3f5fiSU/cBBP3 9'C¥ffl^~* b (Sn/Ag = 96. 
5/3. 5)«P«U 2 5 0"CT?y:7Ei--T«C±(c 

j-d* »P3 gcc^H^v^^ffio, ^«^y>H5 

iSil/c (H1#)B) • 

[0156] <IW«2 ) K9fc« 1 © (4 ) ©XUKte 
( -W^P^-yttS! : ip§ 2 5 Mm, JS225Mm) © 

*r. ite«#vjB9 0' ©y-f+*>Fv-* 
ffl^T4 5' 3t88C»57-*«'au. *©sl C©:* 

iSfiOfflJffii^lw -> J: 9 5C||]5fe^l 1 <D ( 4 ) ©Hi 

»^y>hiB»S*»Jftofc. *«BB. 
±"a*sjsffi<fe o < tea <fe ^ wttsow/c 

(8 8#i) o 
[0157] (ID5SW3) 
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( 1 ) sisswncij^r. o ) tectio' (4> (Dim* 

tft>ZfritcVLftte. ( 1 ) ~ ( 1 5 ) CQIHt I3H1CC 
L.T, &®WMfoZ'&tc. 

(2) &«:. £J*B©Hra»flSI&i*B±©Ml£©<iB 
(sS«a?S^JI5fiRgS) ^i*^cD>*:#${caWU-c 

<fc{C<fc9 5$te^2. 45X10' MPa, fS50jim 
. ©S$ttttJi£Ji>fi!tL;fc. 

[0158] ( 3 ) Am. ±12 ( 2 ) ©ifl-e^orc 

PttMJl±«C, PMMA*6fel>7 -f JUAt*©WI83S:3£ 10 
*i)£IS (v-fi'P^-v'tti? : *S5 0 Mm, /13 5 0m 

m) * nt*mm>— m>timtwB.<Dwmtififfi'> & 

1© (4) ©XMil5lfi|<D^r?fo/c„ 3 #5© 

[0159] ( 4 ) *ec. 1 © (16) Olli 

Htt(C L -C v ;u U S? * h tE.f&VlZffl®: L . C © V jl. 
^-uyx MflJ&Bj*. HifePi 1 © ( 1 7 ) CDXSilHl 

«©^fr-c^BKS«©MM«: vjt u y x h 20 

[0 160] (5) X^-C. ««©tf®«:, IC?-^ 

*->#3mli;*ftfcj¥3 5mm©7* h^x^y;!/* 
-1/^ hmi®<DmiCW%$ii~C l 0OOmJ/cm 
* ©3l»H«riBfcU DMTG*gjg-C3i8S«ySL.. I C 

^^yii^ffls«*3iig-r^fc»©^p<?:igps4o 0 
mm&zmgi-rztcit><DfflEutmM6 0 0 Mm. t » ^ 

1. 2 7mmrMlfc. ffi^CffiKiJ. 30 

EISSSSa^&fcSlf&T SfcfcOMP©'-* * - >©* 

£SSL. B3P3rJfrj£L;fc. 3<b«C. 8 C'Ct? 1 B$H, 1 

oo'c-ci.Bsra. 1 2 o -cr 1 B$m. i5 0*c-c3B$ra 
<iMW*r*h*nao«wiH*tf orv*y-u^^ hit 
fiS*©Ji*wts-i*. i c * ? ^isKfflS«««9at-r 
«fci6CDHipija8fflRipi*wr*y^y-u^ h 

[0161] ( 6 ) £ftftl 1 © ( 1 9 ) Olli 

IHfiltCUrSffi^ffl-'^ F3 H 40 

mmi<o (2 1) ©xsi^^cu-c^Ba^oT - *^ 

[0 16 2] (Xtg0f4) **fef«3© (3 ) ©XgtCfc 
t>r. pmma*6&47 •* ;ui.tt©#tS^*^-saf§ 

(v-^pA-yfcSJ : fl§5 0 Mm. J5S 5 0 Mm) © 
—SCC. $f. 5fc3si#V09O' ©^-Y^*> FV-* 
ffll't4 5" #HSEftS9-£iB!SU C©# 
8£& 5 v -AJJ&fiX $ tifc*3»«K* . * ©-^©ffiiJ® 
£gffi©fflj® i tfffi o icmimM 1 © ( 4 ) ©X?i t 
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fc. 

[0163] <tt«« 1 ) SOfeM 1 ccte^r. ( 4 ) © 
[0 16 4] (ttttf!2) S6tt«3JC*il»-C. (2)© 
[0165] £Jkffl 1 -4 te£&tk$m 1 . 2 

fc^jg 7" y > h RgsttRtco t >r . Tie©fP fflG^&cc «fc 

0. ( 1 ) 7fci?&S§. &«=>C«C. -£©T§B©««*ft:tt 
JMWJRMMOTOJBttWSI. ( 2 ) ^^©^ffifcJ^ 

[0166] mm-fite 
( 1 ) fcvmm 

[0167] ( 2 ) 5feft-^©^HJ 

1 > s . s^sT-fc «fc v?&6m*&mm 

*§&sg©^Jf 7* y > h ffia«ffl'J® e. ©Sfflffi«c3fe7 t 
-/^*aioft». s^^ic*f[5j-rs3fe^«?s©^ii^ 

y > HS«S : KfIiM^P>©StHffi5^1±iS : S:aX»)f ; tW7c 

ift. r ^^4^L,r^(t^4iH0 . 1 c * 9 -rem 

[0168] < 3 ) mm&m. 
±ie3fe<i-^©^iiJif5j«lb'c. ^ja^y>hE»««c 1 
^n^s&^&i&L., *©«« .«ass»^f 

[0169] ±fBs?fifi©^^:. lesstN 1 ©^jit" y > h 

EtR«tt. SKteflfcfcWBR* J: C«Bfeffl3ti»«B<0 2 « 
S©*»iS8S*s»fS©(iiS«:JKfiJE $ n r te ») . 3t«K8S 
*jJ;^76^8g©TK:^^3rreS««:t ^ 
^Lt^&A^fc. $/c. 3BSaW3©^»^y> usa 

««. &ftmytmm&*s ± ^^^jSisss© 2 ss© 

^j»jg5S*«^©ffiia«: JgfiE c? iitrfc 0 , *^®S8te J: 
i^eE^K88©Ttc?¥aEf •5®ra«*Jl§i»IIWK:4 *5 9 
?tm£.L-C^rj:fr>^tc. $^5C. HJg«2*}J:CX4© 

[0170]**:. **SWIl~4©^JB7"y >H5Sf 
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[0171] ctucatu 1**0*2 

[0 1 7 2 3 

[0173] s 6«c. *aww»jawtc. -mousse* 

[0 1 7 4 3 SBX<D^Jf:/y> H2»««\ ±iEL,fc« 

«^nMWABH»ji(c^-r s < c t #r f*ht 
item, #«sb» t mmmstma * v ;u u * 
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[0 1 7 5 ] £6CC. JffiftHTBftfttC. ^JWfeB** 

[@i] <D$$zm<D&B7 > nesso— ^ssi? 
[S2] «j > hiaaiso— 

So 

[04] ca)-Cd)W, SB— <D**98<0^«^y>H2 

So 

[05] (a cote, sn— <D^§m<D&myj>vm 

So 

[0 6] (a) . (b)«, JH— <0^mn<D^mV > b 

So 

[0 7] (a) , Ch)«, 0*«W©3WB^y >b 

So 

[0 8] U > hE»«©S0©— * 
[#^os»^] 

1 0 0. 2 0 0 ^JB^V>hi2»« 

2 1, 12 1. 2 2 1 Sffi 

2 2, 1 2 2, 2 2 2 «H$flSS6«« 

2 4, 1 2 4. 2 2 4 ^f*SiS 

2 5, 1 2 5. 2 2 5 ^*@58 

2 7. 1 2 7. 2 2 7 ^'^^-^ 

2 9. 1 2 9. 2 2 9 

3 8. 1 3 8. 2 3 8 3fc3SJS^P 

34. 1 3 4. 2 3 4 y;^-b^XM 

3 6, 1 3 6. 2 3 6 ¥ffl^' v F 

3 7. 1 3 7, 2 3 7 ^ffl^'>^* 
50, 150. 250. 1150 
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7U> b^-isOtit* 

F# — 2H047 KA04 KB08 KB09 LA09 M*05 

W<07 PA01 PA02 PA15 PA21 
PA22 PA24 PA28 Q<\01 Q*05 
Q<V07 TAOS 

5E338 AA03 AA16 BB63 B875 CCOl 
CCIO EE22 EE28 

5E346 AA06 AA11 AA12 AA15 BBOl 
BB20 CC02 CC08 CCLO CC31 
CO02 DD03 DD22 EE31 EE38 
FF04 FF45 GG28 GG40 HH22 
HH33 



